The aim of this paper is to examine different GARCH models with three different distributions in order to compare their forecasting power in terms of volatility existing in the returns of the Czech Stock Market and more specific in the PX index, for the period 08.01. 2001-20.07.2012. We have employed GARCH, GJR-GARCH and EGARCH models against normal, student-t and generalized error distributions. Then, we have forecasted stock market volatility for the Czech Republic by its returns using the same models, GARCH, GJR-GARCH and EGARCH comparing their forecasting performance. The results show that return volatility can be characterized by significant persistence and asymmetric effects. We have estimated the corresponding variances for all models for the full sample period using static forecasts. After comparing the forecasting performance of all nine models it was found that the EGARCH model has the best forecasting performance compared to others.
Hajek (2007) has examined the Efficient Market Hypothesis on the Czech capital market for the period 1995-2005 using monthly, weekly and daily data. In this research, the author has analyzed efficiency and linear dependency of several indices closing values and stock closing prices on the Prague Stock Exchange. He has concluded that both daily stock returns and daily index returns are significantly linearly dependent, so the heteroskedasticity-consistent methodology must be therefore applied to avoid significant biases. Rockinger and Urga (2000) have investigated two groups of countries, which are the transition economies and the established economies. Transition economies are Czech Republic, Poland, Hungary and Russia while the established economies are USA, Germany and UK. Although they have focused on a sample of Central and Eastern European Financial Markets (CEEFM) 1 they have only used these four countries. The model results are very similar for the Czech Republic, Hungary and Poland while for all countries investigated significant GARCH effects have been appeared. Thalassinos and Politis (2011) have analyzed international stock markets for a number of countries using cointegration analysis. They have found interrelationships between the selected variables a result that is consistent with other similar studies.
Thalassinos, Maditinos and Paschalidis (2012) have observed significant evidence regarding insider trading in the Athens Stock Exchange in the period 2000-2011.
Methodology
We have used four different types of GARCH models, ARCH, GARCH, GJR-GARCH and EGARCH structures as follows:
ARCH Model
ARCH model is based on the variance of the error term at time t and depends on the realized values of the squared error terms in lagged periods. The model is specified as in equations (1) to (3):
This model is referred as ARCH(q), where q refers to the order of the lagged squared returns included in the model. If we use ARCH(1) model equation (3) becomes:
Since t h is a conditional variance, its value must always be strictly positive; a negative variance at any point in time would be meaningless. To have positive conditional variance estimates, all of the coefficients in the conditional variance are usually required to be non-negative. Thus coefficients must satisfy the condition 1 0  . Bollerslev (1987) and Taylor (1986) the variable to be dependent upon previous lags; first lag of the squared residual from the mean equation presents news about the volatility from the previous period which is as follows:
GARCH Model
In the literature the most used and the simplest model is the GARCH(1, 1) process, for which the conditional variance can be written as in equation (6):
Under the hypothesis of covariance stationarity, the unconditional variance t h can be found by taking the unconditional expectation of equation (6). Thus:
Solving equation (6) we have:
For the existence of this unconditional variance it is required to have
and in order to be positive it must be 0 0   .
GJR GARCH Model
The GJR model is a simple extension of GARCH with an additional term added to account for possible asymmetries (Brooks, 2008) . Glosten, Jagannathan and Runkle (1993) developed the GARCH model which allows the conditional variance to have a different response to past negative and positive innovations as shown in equation (9):
Where is a dummy variable with values for bad and good news: (Brooks, 2008) .
Exponential GARCH MODEL
Exponential GARCH (EGARCH) proposed by Nelson (1991) , has formed leverage effects in the equation. In EGARCH model the specification for the conditional covariance is given by the following equation (10):
The two advantages stated in Brooks (2008) for the pure GARCH specification are: a) by using   t h log even if the parameters are negative the equation will be positive; b) asymmetries are allowed under the EGARCH formulation.
In equation (10), k  represents leverage effect, which accounts for the asymmetry of the model. While the basic GARCH model requires these restrictions, the EGARCH model allows unrestricted estimation of the variance (Thomas and Mitchell, 2005) . When applying GARCH models to return series, it is often found that GARCH residuals still tend to be heavy tailed. To accommodate this, rather than to use normal distribution the Student's t and GED distribution have to be used to employ ARCH/GARCH type models (Mittnik, Paolella and Rachev, 2002, Nelson, 1991 These values signify that the distributions of the series have a long left tail and leptokurtic form. Jarque-Bera (JB) statistics reject the null hypothesis of normal distribution at 1% level of significance. We have also tested the mean model for an ARCH effect with the ARCH-LM Test. Table 3 shows ARCH-LM test results. If the value of the test statistic is greater than the critical value from the distribution, the null hypothesis is rejected indicating that there is no ARCH effect in the model. Note: *** denotes significant at 1% level.
We have employed ARCH, GARCH, GJR-GARCH and EGARCH processes using both Student-t and Generalized Error distributions in addition to Normal distribution. Results show that strong GARCH and GJR-GARCH effects are apparent for returns (Table 5, Table 6 and Table 7 ). The sum of the coefficients α and β are less than 1 for all different distributions using GARCH and GJR-GARCH models. Nevertheless, the estimation of α is smaller than the estimation of β in both cases, which reveals that negative shocks haven't a larger effect on conditional volatility than the positive shocks of the same magnitude. In GJR-GARCH model 0   , which means that the news impact is asymmetric or in other words, bad news increase volatility. In the E-GARCH model negative and significant leverage effect parameter indicates the existence of the leverage effect in returns. In EGARCH model, if GED parameter(r) value is 2 reveals a normal distribution or a leptokurtic distribution if it is less than 2. In all models r is less than 2 and statistically significant, which indicates that RPX is leptokurtic. This result is consistent with the skewness values reported in Table  1. After all, ARCH effect is tested in all models. The null hypothesis that there is no ARCH effect cannot be rejected in all models as shown in Table 5 , 6 and 7. In the case of GJR-GARCH model with normal distribution, the null hypothesis is rejected at 10% level of significance.
The in-sample evidence provides the history performance of the models. We have estimated variance for all models for full sample period using static forecast. Then, we compared the forecasting performance of models which have been used in this research. We have considered four statistics for evaluating the forecasting accuracy, which are employed in the research of Wang and Wu (2012) . These four measures are the Mean Square Error (MSE) and the Mean Absolute Error (MAE) shown in equations (12) n is the number of forecasts GARCH GJR-GARCH EGARCH GARCH GJR-GARCH EGARCH GARCH GJR-GARCH EGARCH MSE1 6.30E-07 6.05E-07 6.25E-07 6.31E-07 6.08E-07 6.29E-07 6.31E-07 6.06E-07 6.27E-07 
Conclusion
The article has examined three GARCH models namely GARCH, GJR-GARCH and EGARCH using three different distributions, the Normal distribution, Student-t and Generalized Error distribution, in order to compare their forecasting power for the volatility of the returns of the PX index for the Czech Republic stock market.
The results have shown that significant ARCH and GARCH effects are present in the data, which indicates that the volatility in PX index returns are characterized by significant persistence and asymmetric effects. These results are consistent with the results of Rockinger and Urga (2000), Haroutounian and Price (2010) and Vošvrda and Žikeš (2004) which have used similar GARCH type models for the Czech stock market.
Finally, we have compared the in sample forecasting performance of the nine models for the period 08.01. 2001-20.07 .2012. The evidence shows that EGARCH model has the best forecasting performance based on real statistical data. This work is licensed under a Creative Commons Attribution 3.0 License.
